BACKGROUND: Despite decades of attempts to link infectious agents to preterm birth, an exact causative microbe or community of microbes remains elusive. Culture-independent sequencing of vaginal bacterial communities demonstrates community characteristics are associated with preterm birth, although none are specific enough to apply clinically. Viruses are important components of the vaginal microbiome and have dynamic relationships with vaginal bacterial communities. We hypothesized that vaginal eukaryotic DNA viral communities (the "vaginal virome") either alone or in the context of bacterial communities are associated with preterm birth. OBJECTIVE: The objective of this study was to use high-throughput sequencing to examine the vaginal eukaryotic DNA virome in a cohort of pregnant women and examine associations between vaginal community characteristics and preterm birth. STUDY DESIGN: This is a nested case-control study within a prospective cohort study of women with singleton pregnancies, not on supplemental progesterone, and without cervical cerclage in situ. Serial midvaginal swabs were obtained at routine prenatal visits. DNA was extracted, bacterial communities were characterized by 16S ribosomal RNA gene sequencing, and eukaryotic viral communities were characterized by enrichment of viral nucleic acid with the ViroCap targeted sequence capture panel followed by nucleic acid sequencing. Viral communities were analyzed according to presence/absence of viruses, diversity, dynamics over time, and association with bacterial community data obtained from the same specimens. RESULTS: Sixty subjects contributed 128 vaginal swabs longitudinally across pregnancy. In all, 24 patients delivered preterm. Participants were predominantly African American (65%). Six families of eukaryotic DNA viruses were detected in the vaginal samples. At least 1 virus was detected in 80% of women. No specific virus or group of viruses was associated with preterm delivery. Higher viral richness was significantly associated with preterm delivery in the full group and in the African American subgroup (P ¼ .0005 and P ¼ .0003, respectively). Having both high bacterial diversity and high viral diversity in the first trimester was associated with the highest risk for preterm birth. CONCLUSION: Higher vaginal viral diversity is associated with preterm birth. Changes in vaginal virome diversity appear similar to changes in the vaginal bacterial microbiome over pregnancy, suggesting that underlying physiology of pregnancy may regulate both bacterial and viral communities.
Introduction
Preterm birth, which is defined as delivery at <37 weeks' gestation, complicates approximately 10% of pregnancies in the United States, 1 and the rate remains unacceptably high compared to other developed countries. Poor understanding of the exact pathophysiology and mechanisms of preterm birth hampers development of effective prediction and prevention strategies. Decades of research have linked maternal infection to preterm birth, 2e7 yet a causative microbe remains elusive and paradoxically antibiotic therapy does not mitigate the risk. 8e11 Recent advances in cultureindependent sequenced-based characterization of the vaginal bacterial microbiome have revealed new insights into normal bacterial communities of the vagina in nonpregnant women 12 and microbial communities that are associated with increased risk for preterm birth in pregnant women. 13e15 Data from recent microbiome studies demonstrate that high diversity bacterial communities in the vagina early in pregnancy and instability of the vaginal bacterial communities are associated with preterm birth. 13e15 However, bacterial communities alone are not sufficient to discriminate women at risk for preterm birth, suggesting other factors need to be explored.
Although many viral pathogens are known to be important components of the vaginal microbiome, viruses have been less studied than bacteria. Vaginal eukaryotic DNA viruses and bacterial communities were studied together in a cohort of healthy adults as part of the Human Microbiome Project, using culture-independent, high-throughput metagenomic shotgun sequencing. 16 Viruses were detected frequently in vaginal samples from many of the healthy, asymptomatic women. Some viruses were also detected in the same subject over time, suggesting women were persistently infected with the viruses. Eukaryotic DNA viruses were associated with high-diversity bacterial communities in the healthy subjects from the Human Microbiome Project, 16 and this has also been demonstrated in other studies. 17e19 This suggests a dynamic relationship between viral infections/clearance, bacterial communities, and the host. Taken together, these data suggest that viruses may be important yet unappreciated components of the vaginal microbiome.
We hypothesized that eukaryotic DNA viruses may be an important component of the microbiome-preterm birth association. In this study, we approached this question by: (a) using high-throughput sequencing technologies to longitudinally examine the eukaryotic vaginal viral communities (the "vaginal virome") present in a cohort of pregnant women; and (b) examining the association between the vaginal virome and preterm birth, alone and in combination with the bacterial microbiome.
Materials and Methods

Subjects and clinical data
We performed a nested case-control study within a prospective longitudinal cohort of pregnant women receiving prenatal care from 2012 through 2015 at a single tertiary care center. The Human Research Protection Office at Washington University School of Medicine approved this study (201202015) and signed informed consent was obtained from all patients enrolled in the study.
Inclusion criteria were singleton gestation, willingness to undergo speculum exam for vaginal sampling, and ability to provide informed consent. Exclusion criteria were planned or in situ cervical cerclage and planned or current vaginal or intramuscular progesterone therapy. Trained research staff obtained maternal demographic data, medical history, and clinical obstetric outcomes as patients progressed through pregnancy. Race was self-reported. Gestational age was determined by best obstetric estimate based on last menstrual period and earliest ultrasound dating available.
Sample collection
Serial vaginal swabs were obtained by speculum exam performed by the obstetric provider, approximately in each trimester, at routine prenatal visits. After the speculum was inserted into the vaginal canal, a sterile dual-tipped rayon swab (Starplex Scientific, Etobicoke, Ontario, Canada) was applied 3e5 times to both lateral sidewalls of the vaginal canal. Each swab was placed into the sterile collection tube and immediately stored at e20 C until transportation to the laboratory, at which time the swabs were frozen at e80 C until DNA extraction.
Nucleic acid sequencing
DNA was prepared using the MoBio PowerSoil DNA isolation kit (MoBio Laboratories, Carlsbad, CA). For the analysis of viruses, DNA sequencing libraries were constructed using the Swift Biosciences Accel NGS kit with dual indexes (Swift Biosciences, Ann Arbor, MI). Viral nucleic acid was enriched prior to sequencing using the ViroCap targeted sequence capture panel, 20 which was synthesized by Roche NimbleGen (Madison, WI). ViroCap is a panel of biotinylated probes that target all vertebrate viruses with sequenced genomes as of February 2014 in National Center for Biotechnology (NCBI) RefSeq, genome neighbors, and influenza virus resource (337 species from 34 viral families). Probes are tiled across the complete genome lengths. When nucleic acid similar to a target virus is present in a sequencing library mixed with the ViroCap panel, the biotinylated probes bind the complementary viral nucleic acid. The viral nucleic acid is then enriched by capturing the biotinylated probes with streptavidincoated magnetic beads and washing to remove unbound material. For this study, targeted sequence capture was carried out using ViroCap according to the Roche NimbleGen instructions. After enrichment, libraries were sequenced on the Illumina HiSeq 2500 instrument (Illumina, San Diego, CA).
Viral sequences were identified using MAGPIE (Wylie et al, manuscript in preparation), our computational pipeline that uses nucleotide and translated amino acid sequence alignment to reference genomes to identify viral sequences in metagenomic sequencing data. This pipeline is adapted from our previously described methods, 16, 20, 21 in this case updating alignment algorithms to include the BWA-MEM software package 22 for nucleotide sequence alignments and the DIAMOND software package 23 for translated amino acid sequence alignments. In brief, sequences were trimmed to remove low-quality nucleotides and sequencing adapters, and low-complexity sequences were masked. Human sequences were identified by aligning reads against the human genome reference HG37 using BWA-MEM, and aligned sequences were removed from subsequent analysis. Nonhuman sequence reads were subject to nucleotide and translated amino acid sequence alignments against viral reference sequences from the NCBI public database to identify putative viral sequences. These sequences were then subject to alignment against the comprehensive NCBI nt/nr nucleotide collection to confirm viral identity. Sequences were considered viral only if they were unambiguously assigned viral taxonomy. Viral taxonomy was assigned to the genus level by default, signal due to cross-talk between pooled samples was subtracted, 21 and viral alignments were manually reviewed to assign subgenus classification, including the subtyping of human papillomaviruses (HPVs). Anelloviruses (consisting of the genera alpha-, beta-, and gamma-torque viruses) were placed into a single group, as genuslevel subtyping is frequently inaccurate when based on short, Illumina sequences.
AJOG at a Glance
Why was this study conducted? To describe the vaginal eukaryotic DNA viral communities over pregnancy and determine whether characteristics of the vaginal eukaryotic DNA viral communities associate with preterm birth. Bacterial community analysis for these samples was previously described. 13 In brief, the V1-3 and V3-5 variable regions of the 16S ribosomal RNA gene were sequenced on the Roche 454 GS FLX instrument (Roche, Branford, CT). Reads were removed if the average quality score was <35 and/or read length was <200 base pairs. Chimeric sequences were identified using Chimera-Slayer software 24 and removed. High-quality reads were then taxonomically classified using the Ribosomal Database Project Naive Bayesian Classifier (version 2.5, training set 9). 25 Taxa were assigned to the most refined taxonomic level meeting at least a 0.5 confidence threshold. For this study, the bacterial communities described by V1-3 and V3-5 variable regions sequences were analyzed in conjunction with the viral data.
Key findings
Statistical tests
The R statistical programming language was used to plot data and carry out statistical tests. 26 Baseline demographic sequencing data and to run Adonis permutation tests to evaluate associations of bacterial beta diversity with viral community features. Linear discriminant analysis effect size was used to determine whether there were bacterial taxa that were preferentially detected in samples with viruses. 31 To explore the combined contribution of bacterial and viral diversity a "cumulative diversity metric" was created that: (a) measures diversity by established methods appropriate for both bacterial and viral communities (richness, which is a measure of alpha diversity representing the total number of taxa in a sample); and (b) gives relatively even weights to the bacterial and viral contributions of the communities. To generate this metric, we generated a relative richness value (relative to the maximum richness) for bacterial and viral communities and averaged the 2 values.
The Mann-Whitney test was used to compare diversity measures between term and preterm groups at each time point. The Fisher exact test was used to compare the prevalence of viruses between term and preterm groups and groups with high vs low relative abundance of Lactobacillus in the bacterial communities. The R library lme4 32 was used to generate a linear mixed effects model to explore the trends in viral diversity longitudinally over pregnancy. In this model, the response variable was viral richness or a combined viral and bacterial diversity score; fixed variables were preterm delivery status, Shannon diversity or richness of the bacterial communities (only included if the response variable was viral richness), and trimester of sample collection; subjects were included as random effects. P values were calculated using a likelihood ratio test comparing models with and without the effect in question.
Results
Clinical characteristics of the cohort are listed in Table 1 . Sixty patients contributed 128 swabs for analysis; 25 swabs from the first trimester, 51 from the second trimester, and 52 from the third trimester. The majority of the cohort (65%) was African American. In all, 24 patients delivered preterm, and 16 (67%) of the preterm deliveries were from African American women. Of the preterm deliveries, 9 (37.5%) were spontaneous (resulting from either spontaneous preterm labor or preterm rupture of membranes). There was no difference in the gestational age ranges at the time of sample collection between Table 1) . Clinical characteristics such as smoking and body mass index did not differ in women with and without preterm birth. A total of 6 patients were HPV positive either as part of their clinical cytology during pregnancy or by testing prior to pregnancy. One patient was clinically positive for herpes simplex virus (HSV) based on a clinical outbreak prior to pregnancy and was treated with antiviral therapy starting at 36 weeks' gestation.
Overall, we detected nucleic acid from 6 families of human DNA viruses in the vaginal samples from pregnant women (Figure 1) , including viruses from Papillomaviridae, Polyomaviridae, Herpesviridae, Poxviridae, Adenoviridae, and Anelloviridae. The papillomaviruses were found in 24 (40%) subjects all from the genus Alphapapillomavirus and included 27 types (Figure 1) , falling into the World Health Organization classifications of carcinogenic, possibly carcinogenic, and probably carcinogenic. 33, 34 Seventeen of the 27 types were found in single individuals, whereas the other 10 types were detected in multiple subjects. For example, HPV-52 and HPV-56, both prevalent high-risk types not included in the quadrivalent vaccine used prior to 2015, 35 were each detected in 4 subjects. The polyomaviruses detected included BK polyomavirus, JC polyomavirus, and Merkel cell polyomavirus. Herpesviruses included HSV-2, cytomegalovirus, Epstein-Barr virus, the roseoloviruses human herpesvirus (HHV)-6 and HHV-7, and varicella zoster virus. We detected both types 1 and 2 of molluscum contagiosum virus, and adenoviruses type B and type D. Anelloviruses were the most commonly detected viruses, detected in 25 subjects (42%).
We detected at least 1 virus in 80% of the women. The median number of different viruses detected was 2, and the highest number of viruses detected in an individual was 7. One patient who was clinically positive for HSV-2 (by history of outbreak prior to pregnancy) had no HSV-2 detected (acyclovir used at 36 weeks of gestation and swab was obtained at 17 weeks prior to acyclovir use). We did, however, detect 3 other viruses in the sample from that patient (Anellovirus, molluscum contagiosum type 1, and HHV-7).
No specific virus or group of viruses (eg, papillomaviruses, high-risk papillomaviruses, herpesviruses) was associated with preterm delivery. We did not see any association between bacterial communities with <70% Lactobacillus and the presence of viruses during any trimester even when considering: (a) the cumulative presence of any virus in a sample; (b) each specific virus; and (c) viral groups such as alphapapillomaviruses and herpesviruses. 
Viral richness in preterm and term subjects in each trimester
Number of viruses detected in each term (blue) and preterm (red) sample is plotted by trimester. Box plots display median (horizontal line), quartiles (box), and minimum and maximum excluding outliers (whiskers). A, All subjects and B, African American subjects. Linear mixed effects models indicate viral higher richness is associated with preterm birth in both all subjects (P ¼ .0005) and African American group (P ¼ .0003). 
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Bacterial community types based on Bray-Curtis dissimilarity clustering were also not associated with: (a) viral richness, (b) specific viruses, or (c) viral groups. No bacterial taxa were specifically associated with the presence of any virus, HPVs, or herpesviruses. Figure 2 demonstrates longitudinal trends of viral richness over the trimesters of pregnancy. To test the overall trend in viral richness over pregnancy we applied a linear mixed effects model, and found that higher viral richness was significantly associated with preterm delivery (P ¼ .0005) (Figure 2, A) . Lower viral richness was associated with progression through the trimesters of pregnancy (P ¼ .03). The slope of viral richness change over pregnancy did not differ between term and preterm patients.
In our previous work on bacterial communities we found that African American women showed a trend toward greater overall bacterial diversity, so we repeated our analysis on viruses stratified by race. In the African American subgroup, viral diversity followed a similar pattern seen in the full cohort. The longitudinal trends over the course of pregnancy in the African American subgroup were similar to those in the full cohort. Higher viral richness was also significantly associated with preterm delivery (P ¼ .0003). In the African American subgroup we did not detect a significant change in viral richness over pregnancy (P ¼ .1) (Figure 2, B) . We further stratified the African American group based on spontaneous and indicated preterm deliveries. In both the spontaneous and indicated groups, higher viral richness was associated with preterm delivery (P ¼ .0015 and P ¼ .0019, respectively) ( Figure 3) . None of the models (based on the full set of patients or the African American subgroup) associated higher viral richness with higher Shannon diversity of the bacterial communities (P > .5).
Because prior data suggest that bacterial community characteristics are associated with preterm birth, and data from this analysis suggests viral communities also are associated with preterm birth, we hypothesized that we could better distinguish women who would go on to deliver preterm if we could incorporate both bacterial and viral communities into our analysis. Using the 16S ribosomal RNA sequencing data from our previous study 13 ( Figure 4, A) and the viral data generated from the same samples, we created a cumulative diversity metric to account for the combined contributions of bacterial and viral communities together. We found that in each trimester, women with subsequent preterm birth tended to have higher combined bacterial and viral diversity compared to those who delivered at term, though the differences were not 
Viral richness in preterm and term subjects in each trimester
Number of viruses detected in each term (blue) and preterm (red) sample is plotted by trimester. Box plots display median (horizontal line), quartiles (box), and minimum and maximum excluding outliers (whiskers). Subjects with A, spontaneous and B, indicated preterm births (PTB). Linear mixed effects models indicate viral higher richness is associated with PTB in both spontaneous (P ¼ .0015) and indicated (P ¼ .0019) groups. Original Research OBSTETRICS ajog.org statistically significant (Figure 4, B) . Using a linear mixed effects model, we found that higher combined bacterialviral diversity was significantly associated with preterm delivery (P ¼ .01) and lower combined bacterial and viral diversity associated with advancing trimester of pregnancy (P < .0001).
Lastly, we examined whether having both high bacterial diversity and high viral diversity in the first trimester was associated with preterm birth. While higher bacterial diversity and viral diversity individually at the first trimester time point alone were not statistically significantly associated with preterm birth, having both high bacterial and viral diversity in the first trimester (defined as greater than or equal to the median) was significantly associated with preterm birth (Table 2 ) (62.5% vs 20%; relative risk, 3.12; 95% confidence interval, 1.00e9.83; P ¼ .04).
Comment Principle findings
We demonstrate that multiple eukaryotic viral families are present in the vaginas of pregnant women with both term and preterm birth outcomes. No single virus or viral group was associated with preterm birth in our cohort. While previous studies have shown that bacterial community diversity early in pregnancy is associated with preterm birth, our data indicate that higher viral richness in the vagina is also significantly associated with preterm birth. This was true for both women with spontaneous and indicated preterm birth subtypes. Furthermore, women who had both high bacterial diversity and high viral diversity early in pregnancy had the highest risk for preterm birth suggesting that consideration of both bacterial and viral communities is critical for interpretation of associations between the microbiome and preterm birth.
Results in context of other work
The observed patterns of eukaryotic viral diversity over pregnancy appear similar to the patterns of bacterial diversity we previously reported on from the same cohort. 13 This raises the possibility that the physiology driving the changes in the vaginal communities over pregnancy may impact both bacterial and viral communities similarly, a hypothesis that could be tested in future studies. The first trimester appears to have the highest magnitude of difference in viral diversity between term and preterm birth patients. Therefore, the first trimester time point could be clinically useful to identify women at risk or not at risk for preterm birth and allow enough lead Bacterial and combined bacterial and viral diversity in each trimester
Number of viruses detected in each term (blue) and preterm (red) sample is plotted by trimester. Box plots display median (horizontal line), quartiles (box), and minimum and maximum excluding outliers (whiskers). A, Bacterial diversity scores and B, combined bacterial and viral diversity scores. A linear mixed effects model indicates higher combined bacterial-viral diversity was associated with preterm delivery (P ¼ .01) and lower combined diversity associated with advancing trimester (P < .0001). We found that higher viral diversity was associated with both spontaneous and indicated preterm birth subtypes. While infection and inflammation have been classically associated with the spontaneous preterm birth subtype, the finding of increased viral diversity in both preterm birth subtypes may be explained by the overlapping risk factors for both types of preterm birth. Additionally, indicated preterm birth is a competing outcome for spontaneous preterm birth. For example, if a microbial pattern is associated with a risk for spontaneous preterm birth, but an indicated preterm birth occurs first, the microbial pattern may be detected in a patient even though the etiology of the preterm birth was classified as indicated. In short, once a patient is delivered for a maternal or fetal indication, it is unknown whether a spontaneous preterm birth might have occurred later.
Our findings, and those of others, suggest the interplay between bacteria and eukaryotic DNA viruses is important. For example, in an animal model Racicot et al 39 demonstrated that viral infection in the cervix predisposed pregnant mice to ascending bacterial infections. In nonpregnant women both vaginal bacterial communities and vaginal inflammation appear to mediate HIV infection susceptibility. 40 The interplay of bacterial and viral communities and maternal inflammation may be a mechanism by which preterm birth is triggered. Conversely, these microbial community features may not be causal per se but instead be potential biomarkers of a common underlying physiology in women at risk for preterm birth.
Clinical implications
An interesting finding in this study was the detection of many clinically important viruses, including high-risk HPVs and herpesviruses, in asymptomatic women who had not been diagnosed clinically with these viruses. This supports our knowledge that many viruses that can cause congenital infection are carried asymptomatically in pregnant women and demonstrates the power of high-throughput sequencing to detect viruses in these samples, particularly with ViroCap enrichment.
Although microbiological sequencing of bacterial and viral communities is not yet immediately translatable to bedside clinical medicine these findings are promising that specific microbe and host signatures could be more refined to identify clinically useful subgroups of patients including those at high risk for preterm birth, those at low risk for preterm birth who might safely have less intensive surveillance, or those who may fail current prophylactic treatments. There is also the potential to inform future studies testing the effect of modifying the vaginal microbial composition to a more protective state.
Research implications
There are several future research implications of these findings. First, although Lactobacillus-poor bacterial communities are associated with the presence of eukaryotic viruses in nonpregnant women, 40e44 including in our sequence-based study of the Human Microbiome Project cohort, we did not observe the same association in pregnant women. This finding could be due to the dynamic changes in bacterial and viral diversity occurring as a result of pregnancy, which may alter bacterial-viral relationships seen in nonpregnant women. The question of whether the relationship between bacterial diversity and the presence of eukaryotic DNA viruses is affected by pregnancy or not could be tested by sampling the same women before conception and throughout pregnancy. This would also be a useful study to ascertain dynamic changes in the vaginal bacterial microbiome and virome that occur during the transition from the nonpregnant state to pregnancy. Second, these findings highlight changes in the microbial communities of the vagina over pregnancy in both patients with term and preterm birth. Although we found viral richness to be associated with preterm birth there are patients with high viral richness who do not deliver preterm. Future research should focus on integrating not only microbiological signatures but also host response.
Third, these studies could be expanded to include other body sites and microbes. The gut microbiome, for instance, has been shown to change during pregnancy. 45, 46 This may enhance energy harvest from food, but changes may also reflect states of stress or immune response within the mother. 46 Changes in both the vaginal and gut microbial communities are important to consider as they may affect the microbes transmitted to the fetus or newborn. 46e49 As for microbes, while we have explored bacteria and eukaryotic viruses in our studies, future work could also include the study of bacteriophage. a High diversity defined as greater than or equal to median in first trimester whereas low diversity defined as less than median in first trimester; b High diversity defined as both bacterial and viral diversity greater than or equal to median whereas low diversity defined as bacterial diversity, viral diversity, or both less than median for first trimester. 
Strengths and weaknesses
Strengths of this study include the ability to integrate bacterial community characteristics with viral community characteristics in the same pregnant patients, which has not been, to our knowledge, previously reported. Additionally, the use of ViroCap targeted sequence capture allows for comprehensive sequenced based characterization of the viral community with high sensitivity. The cohort from this study is a majority African American population, allowing for analysis of the full cohort as well as the subgroup of African American patients. This is an important characteristic, as both the risk for preterm birth and the characteristics of the vaginal microbiome differ by race, making findings of the associations between the vaginal microbiome and preterm birth not necessarily generalizable between races.
Despite the above strengths, the association between bacterial and viral communities with risk for preterm delivery must be interpreted considering the following limitations of the study. First, prior to our bacterial findings (and those of others published contemporaneously), 13, 14 the importance of the first trimester was not known. Thus, we have the fewest number of swabs from this time point. Future studies should include as many samples from early pregnancy as the largest magnitude of difference appears to occur in the first trimester well ahead of the event of preterm birth.
Second, DNA sequencing detects viral genomes but does not distinguish viral exposure from active replication. In many subjects we observed the same virus at multiple time points, suggesting that those particular viruses were actively replicating and represented a sustained infection. However, other viruses detected at a single time point may have only represented exposures. Particularly, the polyomaviruses JC and BK are typically found in urine and may represent contamination of the swab during sampling. Some of the viruses we detected (adenovirus, Varicellovirus) have been previously detected in samples from the female genital tract, 53e55 although they are not viruses typically associated with the vaginal microenvironment. The anelloviruses are ubiquitous and found in many human tissues, including blood, nasal swabs, and stool, although they are not associated with symptomatic infections. 56, 57 Future studies could be aimed at measuring replicating virus and host response, which may further refine our association of the virome with preterm birth.
Finally, this study focused on eukaryotic DNA viruses, which directly infect human cells and includes important families of common, clinically important pathogens found in the vagina, such as papillomaviruses and herpesviruses; however, there are other groups of viruses within the virome. There are clinically important RNA viruses, for example, hepatitis C virus 58, 59 and Zika virus, 60, 61 which could be detected in the vagina. While our study would have detected integrated HIV, the RNA form of this virus would have been missed. Future studies could be aimed at including both DNA and RNA viruses in the analysis.
Conclusions
In conclusion, we report that vaginal eukaryotic DNA viral diversity is associated with preterm birth. The changes of the vaginal virome over pregnancy follow a similar pattern as changes in the bacterial microbiome over pregnancy, suggesting that some underlying physiology of pregnancy may influence the bacterial and viral communities. The first trimester of pregnancy appears of particular importance in microbiome preterm birth associations. Women who had both high bacterial diversity and high viral diversity early in pregnancy had the highest risk for preterm birth suggesting that consideration of both bacterial and viral communities is critical for interpretation of associations between the microbiome and preterm birth. n
